Microwave heating technology promising shorter processing times and less energy consumption beneficial for economic perspective with improved properties and better microstructural control. This study focussed on microwave sintered bioceramics material of 60YSZ-Al 2 O 3 /10HAP mixture fabricated by powder metallurgy route. The study was conducted based on three different sintering temperatures, starting with 900˚C, 1000°C ended with 1100°C. Mechanical properties of materials such as porosity, density, hardness and compressive strength were then determined for each composites. Results showed that lowest porosity was obtained at 1000°C which promoting to higher density, hardness and compressive strength. However, the increasing sintering temperature up to 1100 ˚C was initiated the decomposition of HAP and constitutes the formation of CaZrO 3 determined by X-ray Diffraction (XRD) analysis. Microstructure characterization by Scanning Electron Microscope (SEM) observed the growth of large particles and pores result in excessive grain coarsening. Better sinterability was achieved through an adequate sintering temperature of 1000°C with no reaction reported between HA and ZrO 2 during the sintering process facilitate by microwave hybrid heating. The pores was found to be interconnected for each composites via microwave heating expected to be useful for biomedical application which was favorable to osteo-integration.
Introduction
Microwave sintered processing of a wide variety of materials has emerged in recent years as a promising technology for enhancing material properties and microstructures. Currently, entire medical practice is in a transition from curing damaged organs of patient by lengthy surgical operations to replace the damaged or deceased organs with in-vitro synthesized implants. Hydroxyapatite [Ca 10 (PO 4 ) 6 (OH) 2, HAP] is the primary mineral content among the calcium phosphate compounds that closely resembles the natural hard tissues, such as bone and teeth [1] . Yttria stabilized zirconia (YSZ) ceramics have enhanced toughness because the energy associated with crack propagation is dissipated both in overcoming the compressive stresses [2] . Sahin [3] also concluded that static and fatigue strength of zirconia femoral heads had been found to satisfy the clinical requirement. Producing dense HAP-ZrO 2 composites required high sintering temperature (>1500˚C) to fully densify ZrO 2 . The reaction between HAP and ZrO 2 at high temperature and long sintering times lead to an excessive grain coarsening and subsequent decomposition of HAP to the formation of tricalcium phosphate (TCP), which is results in deterioration of mechanical properties [4] . The main factor affecting the reaction is the surface area of ZrO 2 . In the study conducted by Kong and colleagues [5] , the use of zirconia-alumina composites powder composed from the Pechini process was found to decrease the contact area between HAP and ZrO 2 , which would hinder the reaction during the sintering process.
Curran et al. [6] indicated the sintering temperature of 1200˚C was produced the most dense bodies and stronger composites. However, the increased ZrO 2 loading was retarded the mechanical strength of hydroxyapatite-zirconia composites due to the increased formation of TCP and porosity. Apart from the approaches to suppress the decomposition of HAP phase, the processing techniques also important to improve the mechanical strength of HAP based ceramics by employing the microwave sintering technique. In this study, the use of Al 2 O 3 powder was thougt to hinder the subsequent HAP-YSZ reaction. The reasons of excellent both YSZ and Al 2 O 3 ceramics might be a good additives that may overcome the problem of HAP brittleness while maintaining its bioactivity. The powder metallurgy route has been utilized in which ceramic powders are compressed, and sintered for the consolidation and strengthening to prepare the bioceramic composites. The aim of the current study was to investigate the effect of sintering temperature on physical and mechanical properties YSZ-Al 2 O 3 /10HAP bioceramic composites .
Materials and Methodology
The bioceramics composites in this study were fabricated using commercial 3mol% yttria stabilized zirconia (YSZ) and α-alumina (Al 2 O 3 ) added to hydroxyapatite (HAP). The powder composition of composites as shown in Table 1 . The bioceramics powders with the addition of stearic acid were mixed in Turbula Wab Switzerland 3D shaker for 20 minutes at 100 rpm. Green compacts were prepared by loading 3 grams of mixtures into a steel die with a diameter of 13mm, followed by uniaxial pressing at 225MPa. The 60YSZ-Al 2 O 3 /10HAP green compacts then sintered using Synotherm HAMilab-V3 microwave furnace at three different sintering temperature of 900˚C, 1000˚C and 1100˚C with 1 hour soaking time. SiC susceptor was used to facilitate hybrid heating. The heating rate was 20˚C/min. The atmosphere used during sintering was Nitrogen (N 2 ) gas (99% purity) at a flow rate of 0.1m 3 /hr. The density and porosity of the composites were measured via Archimedes' water immersion principle (ASTM B 962-13). The composites were sputter coated with platinum for about 3 minutes to improve the imaging and creating a conductive layer on composites to inhibit charging. Vickers hardness measurements using Vickers Hardness Tester FV-700e (Japan) were performed on the coated surfaces to identify the microhardness distribution. A test load of 5N and dwell time of 15s is in accordance with the ASTM E384-11e1 standard test method for Vickers hardness of materials. The compression strength was determined by universal testing machine (Shimadzu UTM AG-250kN/300kNX plus) using a crosshead speed of 0.5mm/min conducted through the ASTM C773-88 standard test method for compressive strength. The microstructures had been characterized under scanning electron microscope (Hitachi SEM TM300). The phase composition of composites was determined by x-ray diffraction Bruker D2 Phaser XRD.
Results and Discussion
The density of uniaxial pressed green compact was about 1.65 g/cm 3 or 34% of theoretical density, and associated with 55% of porosity of the green compact. Figure 1 shows the combined plot of bulk density and apparent porosity of microwave-sintered 60YSZ-Al 2 O 3 /10HAP composites at 900˚C, 1000˚C and 1100˚C. At the 900˚C sintering temperature, the bulk density was 2.00 g/cm 3 with 40% of apparent porosity. This indicates that this sintering temperature is insufficient to cause Applied Mechanics and Materials Vol. 627 densification [7] . The composites sintered up to 1000˚C exhibited a bulk density of 2.88 g/cm 3 , slightly higher than that composites sintered at 900˚C. An increase in sintering temperature from 1000˚C to 1100˚C, showed decreases in density to 1.67 g/cm 3 of bulk density compared to 1000°C sintering temperature. The higher sintering temperature usually outweighed by the difficulties in the microstructure control during the consolidation step thru sintering [8] . The apparent porosity of microwave sintered composites influenced correspondingly by the bulk density values, as the increased of density lead to the decreased of porosity and respectively. Figure 2 shows the hardness value of microwave sintered 60YSZ-Al 2 O 3 /10HAP composites at 900˚C, 1000˚C and 1100˚C. As can be seen from Figure 2 , the hardness increased with a sintering temperature up to 1000˚C from 1.50 GPa to 5.68 GPa and slightly decreases above this temperature. The improvement of hardness value due to microwave sintering was generally attributed to better sinterability when an adequate sintering temperature employed simultaneously with an appropriate heating rate. In some extent, Travitzky [9] also agreed that microwave heating promising the interaction of electromagnetic fields with ceramics material lead to a reduction in the activation energy for diffusion and thus accountable for the fast grain growth and accelerated densification. The composites sintered at 1100 ˚C attained an only 3.15 GPa of Vickers hardness value. Hardness value had been affected with decreasing of density as a reflection of presence pores that contribute to decrease the locally measured value, as demonstrated in Figure 1 The compression strength of microwave sintered 60YSZ-Al 2 O 3 /10HAP composites was presented in Figure 3 as a function of sintering temperature at 900˚C, 1000˚C and 1100˚C. At a given temperature of 1000˚C, the strength of composites was about 36.31MPa and higher than those composites sintered with other sintering temperature studied. The composites strength also benefits from YSZ and Al 2 O 3, in spite of less amount of Al 2 O 3 involved. Sahin [3] conveyed that Al 2 O 3 was the most essential ceramic that was appropriated host for zirconia toughening, result in enhancement of strength. The strength was decreased as sintering temperature up to 1100 ˚C indicated as 28.41 MPa, following similar trends as for density and hardness. From scanning electron microscope, as shown in Figure 4 , there was an evidence of growth of large particles and pores resulting in excessive grain coarsening due to diffusion phenomena were observed over sintering temperature up to 1100 ˚C [11] . EDX analysis confirmed that zirconia particles associated with little amount of phosphorus inhibit densification and result in enlarged interconnected pores with rougher surfaces owing to segregation at grain interfaces that effectively pin the grain boundaries.
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Advanced Development in Industry and Applied Mechanics Figure 5 shows HAP started to decompose into TCP for the composites sintered at 1100˚C. Meanwhile, the formation of calcium zirconate (CaZrO 3 ) phase by the reaction of HA with ZrO 2 , elucidates the sharp drop of density. In 2003, Guo et al. [12] also report the formation of CaZrO3 associated with high zirconia addition parallel with high sintering temperature. However, increased sintering temperature up to 1100˚C was exhibited growth of large particles and pores result in excessive grain coarsening. In addition, the presence of the little amount of phosphorus detected by EDX analysis inhibits complete densification. High sintering temperature initiated the decomposition of HAP and constitutes the formation of CaZrO 3 . To conclude, it is highlighted that better sinterability was achieved through an adequate sintering temperature with a 20˚C/min of heating rate. In spite of that, the pores was found to be interconnected for each composites via microwave heating expected to be useful for biomedical application which was favorable to osteointegration.
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